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Healthcare services heavily rely on healthcare staff and subsequently, there is the need to
improve healthcare staff's workﬂow. The deployment of an automated mobile base will help
enhance the productivity of logistics tasks in the hospital, like collection and delivery. By
improving such logistic tasks healthcare personal is able to focus on other tasks to serve the
community better. Currently there are commercial solutions to deal with these logistic tasks,
where a mobile base is able to move from one place to another in a structured environment like
a hospital. In this paper, we present our approach to develop a cost effective mobile base to be
used for delivery in healthcare amenities. The proposed approach is able to navigate among
stations in the hospital by ﬁrst creating a map of the ﬂoor and then indicating the location of
these stations. This reduces the additional cost of drawing lines on the ﬂoor or to put laser
markers and many of the commercial solutions required. In addition, the proposed solution is
able to navigate while being safe for the people moving around and to the transported items.
The paper discusses the design consideration of the system, the navigation and the battery
management to ensure that the system is able to run autonomously without the need
recharge often.
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In recent years, due to technological advancements,
robotics are continuously making ways into new areas and
the value of robots in areas like, domestic tasks, surgery,
surveillance and for disposal of bombs and other hazardous
materials; has been recognized. Semi or fully autonomous
mobile robots that assist humans, service equipment andns. Production and Hosting by Elsevier B.V. This is an open access
enses/by-nc-nd/4.0/).
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almost every industry [1]. Robot markets are expected to
have a dramatic growth by reaching homes, ofﬁces, and
hospitals in the near future. Mobile robots or platforms are
the ﬁrst type of robots entering in many of these markets.
Automated mobile platforms are service robots that are
able to move between destinations, this ability can be
beneﬁcial in several industries to automate processes of
delivery and collection. Mobile platforms for general use is a
strongly growing sector in the service robotics as presented
in the annual report in 2014 of the International Federation
of Robotics [2]. It is estimated that about 16,000 mobile
platforms will be sold in the period 2014–2017 as customiz-
able multi-purpose platforms. In addition, logistic systems
as service robots will increase considerably to more than
10,200 units of which about 9200 will be automated guided
vehicles (see Figure 1).
Most of the currently deployed mobile platforms work
well as long as the environment is modiﬁed to provide
artiﬁcial landmarks to guide the mobile platform from a
speciﬁc starting point to a well-deﬁned destination. These
constrains are not well accepted in some industries, chan-
ging the environment to permit the inclusion of these robots
is not an option. For example, to lay marker lines on the
ﬂoor and to maintain them in good state involved a cost; but
to lay these marker lines in carpets might not be well
accepted for the image of certain places. Other changes
that might be requested in the environment are the placing
of reﬂective markers that must be visible all the time. If
something obstructs the marker the robot would not be able
to ﬁnd its destination. Another reason that has limited the
inclusion of the mobile platforms in the market is their
price. According to the payload and features the platforms'
cost varies from few hundred thousand dollars to a couple of
million dollars.
In Singapore by 2030 one-ﬁfth of the population will be
aged 65 and above, and by 2050 Singapore is expected to be
the fourth oldest country in the world [3,4]. At the same
time, more and more Singaporeans are coming down with
chronic diseases. Healthcare services heavily rely on health-
care staff and subsequently, there are the needs to improve
healthcare staffs' workﬂow. A graying population also means
an increase in elders in the workforce particularly also in
the healthcare sector, thus it is important to also cater for
the aging workforce in healthcare amenities. Hospitals are
opening their doors to these mobile robots due to the
substantial progress in robots capable of operating and
interacting in human environments. Increasing the produc-
tivity by the hospital staff is one of the key factors driving
the growth in the number of application of mobile platform
in hospitals. The healthcare services heavily rely on health-
care personnel working in healthcare amenities round the
clock. As such, their workﬂow directly impacts the perfor-
mance of health services delivered. Therefore, it is impera-
tive and essential that new innovative technology and
equipment are brought in to improve the working environ-
ment of healthcare personnel and boost productivity in the
process performed by the personal.
Automated mobile platforms are identiﬁed as a potential
market for hospitals. An analysis in showed that installation
of 6 robot units reduces the annual cost by approximately
56% and improves turn-around time performance by 33% forhospital transportation [5]. However there are several
challenges that need to be addressed to be fully adopted
by the consumers. Mainly to ensure the safety of the people
when the mobile platforms need to navigate in a human
populated environment. The mobile platform must be able
to handle unforeseen events. Autonomous hospital logistic
systems could include user interfaces, planners, stations,
charging stations and special designed carts. This paper
discusses the main challenges that need to be considered
when designing such systems. The innovative approach that
could be an efﬁcient solution for hospital transportation is
also presented.
This paper presents our approach for an autonomous
mobile base to help improve the working environment of
healthcare personnel and boost productivity in the process
performed by the personal. The paper is structured as
follows: Section 2 discusses projects and approaches
explored by other researchers and also introduces on the
features that we have identiﬁed for our development.
Section 3 presents the hardware design for our approach.
Section 4 discusses the problems of power management,
recharging and docking; and it describes in detail the
proposed solution, including the experiments and results.
Finally, Section 6 discusses conclusions and future perspec-
tives of this project.2. Design and features
There exist several commercial systems that are success-
fully installed in hospitals and there are also several
research projects by different research groups [6–8]. Help-
Mate is a robot able to transport unscheduled meal trays,
lab, pharmacy supplies or patient records [6]. This robot
uses odometry and natural landmarks, like hallway walls, to
estimate its position continuously. Doors and elevators can
be automated to communicate with the robot. A map can be
generated and installed in the robot. TUG Smart Autono-
mous Mobile Robot is an autonomous mobile robots designed
to haul and transport goods, materials and clinical supplies
within the hospitals and the laboratories [7]. The robot is
easy to and friendly to operate, once loaded the cart, it can
be sent it to a destination, or multiple destinations by
entering the command in its touching screen. TUG Robot
detects obstacles through laser scanner and can provide
free of collisions path. Aethon, the company that created
TUG, has a system including a control system that monitors
robot missions, solves failure situations, control robot's
batteries level, etc. Let us know discuss the motivation
for creating an autonomous platform for lab samples
logistics in hospital amenities in Singapore.
Based on discussions and feedbacks with the healthcare
personnel and observation of the daily workﬂow of with the
trolleys, the hospitals request are to develop an automated
mobile base that can help with the process of collection and
delivery of items, samples, packages, and more between
stations. The healthcare personal would then be able to
load and unload these items that must be delivered to the
next station. In addition, the staff could select the station
to send these items and specify priorities for items deliv-
eries between the stations.
Fig. 2 The main features for the automated mobile base to be
employed in hospitals for delivery and collection.
Fig. 1 Service robots for professional use. Sold units in 2012 and 2013 as mobile platforms is increasing. It is forecast to increase
sales of around 16,000 units between 2014 and 2017.
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automated mobile base to be used for collection and
delivery in healthcare amenities. Let us describe the role
and importance of these features in the design and concep-
tion of the system.
2.1. Safety and security of the transported items
Hospital's items, samples, and packages are quite sensitive
and conﬁdential that could not be left anywhere or allow
anyone to have access to them. Security is one of the main
issues that must be addressed to achieve an automated
mobile base that will be transporting these items. The
compartment where the items will be placed in the auto-
mated mobile base will have a locking mechanism that can
only be unlocked by authorized ﬁngerprint or secure code.
Each transaction will be registered to keep track of the
items. In addition to the security, the safety of the items
will also be a key component in the system. It is important
to ensure the condition of the items during the process of
transportation by considering the type of carried items in
the design.
2.2. Smart power management
The automated mobile base should manage its power to
maximize the battery performance, since it is expected that
the mobile base can carry its tasks without constant
charging of batteries. We propose the used of “regenerative
braking” for the batteries. This means that batteries can be
charged with the motion of the base, this will extend the
operational time of the mobile base before it needs to be
connected to the charging station. This is the technology
used at the metro systems in many countries and Formula
One cars to reduce the number of carbon dioxide emissions
by regenerating electricity [9,10]. An automated charging
system is incorporated as part for the smart powermanagement system such that the user need not manually
charge the mobile base.
2.3. Human-centred technology
The technology in this project is human oriented, in which
the mobile base is designed and implemented in accordance
to the workﬂow of the user. The mobile base will provide
service to the healthcare personal without the user having
the need to learn how to operate it and without changing
their daily workﬂow. This is particularly useful to the
healthcare personnel as they do not want any disruptions
in their daily workﬂow. Users can push or pull the mobile
base the way they push or pull the hospital trolleys. The
user interface for entering the delivery schedule and
stations will be friendly and intuitive. Healthcare staff will
not require to undergo training and hence do not add on the
healthcare staff timetable load. Our previous work on
Human Machine Interaction provide us with a good point
to leverage to develop a system that will interact better
with the user, as well as to assess when it has failed to
complete a task and request for human help [11,12]. In
addition, each mission should be monitored and notiﬁca-
tions should be sent if the system fails.
2.4. Cost effective solution
The existing mobile platforms are expensive, majority of
the companies providing these services are from overseas,
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overseas for maintenance. Our effort is to develop a low
cost automated mobile base for delivery and collection of
items with navigation capabilities to move from one station
to another in a safe way for the items, as well as for the
humans moving around. The navigation of the mobile base
will rely on the on-board sensors and computer and does not
require additional costly landmarks like lines or laser
reﬂective lasers to move in a ﬂexible and effective manner.
2.5. Safe navigation
The navigation from one station to another station is not a
trivial problem; the automated mobile base should move
with a speed that ensures the safety of the transporting
items. The movement speed of the mobile base should also
be sufﬁciently fast enough to ensure and maintain on-time
scheduled delivery and collection without being a threat to
the human walking nearby [1]. On top of these constrains
the automated mobile base will handle unforeseen scenar-
ios like avoiding obstacles in the corridors, or selecting
alternative paths to reach the stations when a corridor is
blocked.
2.6. Scalable
The system should also be scalable in which there can be
customized solutions to different workﬂow by modiﬁcation
of the way that the mobile base serves the logistics of
collection and delivery. The mobile base is integrated in
accordance to the different workﬂow process requirement.
How to organize the cooperation between mobile platforms
and supervisory system.
2.7. Supervisory system
Supervisory system should be able to plan, schedule and
send the mission plan to the mobile platform. The robot and
task can be monitored on-line. Hospital staff could deﬁne a
task through this system. The interface for this system could
be accessed at any place in a hospital that has connection to
the logistic system. Collection and deliveries tasks can be
scheduled off-line and set to speciﬁc time to be executed,
ﬁnally tasks could be repeated with desired frequency.
3. Mechanical design
The mobile platform is the key component of this project,
thus most our efforts were focused on the development of
this mobile base. The mobile platform has to move a
payload of up to 40 kg. Furthermore, the maneuverability
of the base needs to be considered to avoid collisions with
objects and persons when the platform is in motion. To
further study about the maneuverability we have designed
four different types of base. Each of these mobile bases uses
a different motion system: two are based on differential-
drive conﬁguration, one is based on four omni-wheels, and
ﬁnally one is based on four mecanum-wheels.
The ﬁrst prototype of the mobile base consisted of four
omni-wheels. Subsequent prototype consisted of a differentialdrive mechanisms with two and four motors. All the proto-
types have a similar structure, which consists of a ﬂat top
plate, wheels are concealed within the structure to avoid
damage or any possible problem. Within the structure all the
components that make possible the motion and navigation are
concealed. The top ﬂat plate provides a place where the
medical trolleys can be mounted and secured.
The different prototypes let us explore possible avenues
for the project. The omni-wheel platform is versatile and
able to move in any direction with any orientation, this
makes it ﬂexible to maneuver in tight spaces or corridors.
The differential drive platform instead uses common wheels
that have a good friction with surfaces that might prove
challenging especially with small slopes. However, a differ-
ential drive platform must turn to face a side before it is
able to move towards that side. This research provided us
with the opportunity to explore in details the advantages
and disadvantages of these systems. Some of these designs
are shown in Figure 3, it is possible to appreciate that the
dimensions of the mobile bases are the same.
Finally, the differential drive four motors platform was
chosen, the main reason for this was the concern of the
hospital about the noise produce by the omni-wheel and
mecanum wheel platforms. The omni-wheel and the meca-
num wheel produces a small noise as every rotational part
does contact with the ﬂoor as the wheels rotates. In
addition, these types of wheels produce a small vibration
in the platform as they rotate, this vibration is not
recommend for transporting lab samples. Due to those
considerations, a differential drive with four motors was
chosen for the rest of the project.
Covers for the mobile platform were designed to improve
its appearance. More than just esthetic purpose the covers
have other functionalities; to avoid that any foreign objects
go inside of the system and to damage it; and to provide an
additional layer to the structure to secure the components
in their places. Figure 3 shows a picture of the ﬁnal
prototype of the mobile base. Different holders were
designed to secure the components. The reason to secure
the components is to minimize the effect of vibration when
the system is in motion. As any mechanical system, the
mobile platform will require maintenance to ensure it
correct functioning.4. Power management
Recently the tasks performed by mobile robots have
increased in complexity, with more demanding applications,
new modules and devices are integrated into these systems.
On top of this, these sophisticated systems are expected to
perform for longer periods without human intervention.
Thus, adding hardware, increasing in task's complexity, and
length of duration in autonomy are factors that make the
power supply in the mobile robot a critical component in
the system. In the described scenario in this paper the
mobile base is expected to autonomously move between
stations avoiding obstacles while carrying the medical
trolley with the lab samples, and it is expected to be
self-sufﬁcient, and this includes also charging. Designing a
robot that displays a certain level of autonomy including
self-charging is not a trivial matter. Nevertheless, work in
Fig. 3 The ﬁrst two pictures from the left are prototypes of the compartments developed, the picture on the right is a medical
trolley mounted on the mobile platform.
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Birk analyses how the robot behavior is constrained according
to the battery performance [13]. Yuta and Hada demon-
strated that a robot is able to carry out its task continuously
for a week by recharging its batteries [14]. Cassinis et al.
presented a docking and recharging system for an autono-
mous robot based on light markers in the docking station,
thus the robot is able to align for docking [15]. Roh et al.
introduced two docking mechanisms that compensate for
alignment errors of the robot when docking [16].
When the mobile base is performing a task, the power
supplied to the system is usually sourced from batteries.
The simple action of recharging the batteries does not
guarantee their performance. Batteries are usually unpre-
dictable source of power, due to insufﬁcient knowledge
about the state of the battery, which could be affected by
factors like the storage conditions, charging procedures,
shelf life, and cycle life [17]. Under such suboptimal
conditions, the proper performance of the system could
not be ensured. Regarding power systems for robots some
works have addressed very interesting topics to improve the
performance of the robotic systems. Lucas et al. described a
system to manage and monitor a robot's battery, to support
standard batteries in a smart battery system [17]. Artal
et al. presented a robotic system power with ultracapaci-
tors, they also argued that energy to power ratio of the
capacitors could be adequate for most applications [18].
In our current work, a mobile platform is used to collect
and delivery items from different stations in healthcare
facilities. In this application, users could specify a schedule
for the robot to visit the different stations throughout the
day [19]. The users expect the robot to be able to carry out
its tasks without disruption. These requirements emphasize
the importance of the state of the batteries as a power
source to avoid any operational breakdowns as well as to
adjust the robot's performance according to the known
state of the batteries.4.1. The proposed solution
This project aims to develop an autonomous mobile base to
improve the working environment of healthcare personnel
and boost productivity in the process performed by the
personal. Based on discussions and feedbacks with the
healthcare personnel and observation of the daily workﬂow
of with the trolleys, the hospitals' request is to develop an
automated mobile base that can help with the process of
collection and delivery of items, samples, packages, and
more between stations. The healthcare personal would then
be able to load and unload these items that must be
delivered to the next station. In addition, the staff could
select the station to send these items and specify priorities
for items deliveries between the stations. Our previous work
describes the mechanical structure of the robotic mobile
base to be employed for the project [19].
The automated mobile base should manage its power to
maximize the battery performance, as the mobile base is
expected to carry out its tasks without constantly charging
of batteries. In one way the previous statement also means
that the user should not manually charge the mobile base.
This paper presents a complete solution for a power system
to address the problem of power management and auton-
omously recharging of batteries for a mobile robot. The
main two aspects in this solution are the power manage-
ment including charging of the batteries and the docking
system.
Figure 4 shows the block diagram of the power system in
the mobile base and its docking station. The arrows with a
lightning bolt connecting the blocks indicate the direction
that power ﬂows. The docking station provides power that it
is used by the charger to recharge the batteries. In turn, the
batteries’ power is managed by another interface before it
powers the rest of the mobile base. The battery manage-
ment system also provides information about the batteries'
state to the robot, which is presented with the arrow with
107Development of a hospital mobile platform for logistics tasksbinary numbers. The following sections describe the imple-
mentation details and considerations for the choices in
these systems.
4.2. Battery management and charging system
Batteries are commonly used in most robotics applications
today. Batteries are able to store large amount of energy in
relatively small weights and dimensions, proving suitable
levels of power for robotic applications. However, shelf and
cycle life are common problems in batteries, these areTab. 1 A comparison of the different prototypes built during
FeatuFeaturesres Omni-wheel Mecanum wheel
Picture
Weight (kg) 9.7 9.5
Max payload (kg) 60 60
Operating hours
(h)
5 5
Tab. 2 Comparison between three different types of batterie
have been tested in the project.
Property Lead–acid
Capacitance [Ah] 10
Voltage [V] 12
Mass [kg] 3.287
Volume [m3] 0.00110
Cycles o750
Energy [Wh] 120
Peak power [W] 4167
Internal resistance [mΩ] 12
Fig. 4 The proposed power system for the robotic mobile base
and the relation with other subsystems, including the docking
station.refereeing to the length of time a storage battery keeps its
energy capacity and the total number of uses that a battery
is capable of working before it fails. There are other
properties in a battery that should be considered during
the design stage of a power system. Table 1 presents a
comparison of three different types of batteries: lead–acid,
lithium–polymer, and lithium–iron. It is possible to observe
that for the same capacitance the size and weight of the
lithium–polymer battery is compared with the other two
types of batteries.
We have developed an interface to manage the power
from battery, when charging and the power used by mobile
base itself. This interface also provides the system with
reliable estimation of battery's life, state, and the remain-
ing capacity. Finally, this interface updates the parameters
to calculate and estimate the information of the battery
when charging (Table 2).
A charger must understand the charging features of the
battery type. Generic chargers require that the character-
istics of the battery must be entered into the charger
manually. For the system presented in this paper a custom
charger for a speciﬁc type of battery is proposed. The
proposed design for the charger has a small footprint, which
helps to ﬁt it inside the mobile robot in a convenient way
(see Figure 5).
A customized charger interface is also essential to be
placed inside the mobile robot, and there is no need to set
parameters manually and due to the small footprint it doesthis project, their features and ﬁndings.
Differential drive two
motors
Differential drive four
motors
7.8 9.2
35 60
6.5 5
s, all the batteries have similar capacitance, and all these
Lithium–polymer Lithium–iron phosphate
12 10
12 12
1.2 1.5
0.000553 0.00067
o600 Z2000
144 120
235.2 789.5
o150 r60
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charger inside the robot is to allow the robot to be self-
sufﬁcient. A self-sufﬁcient robot is able to ensure that its
battery energy is supplied when its level is low [20]. This is
line with the objective of the project, which is to create an
autonomous robot able to carry out its task with minimal
human intervention. Thus, the robot needs to be self-
sufﬁcient to handle the charging problem especially when
tasks are lasting longer than the robot's battery charge. In
order to achieve this, the robot should be able to autono-
mously dock to a charge station.4.3. Docking station
Although, docking stations are used and researched for a
while now, one of the most common problems with a
docking station is the misalignment of the robot to be
docked. Many researchers have approached the problem by
trying to design a homing algorithm that guides the robot to
align for docking, this helps to minimize the error, but
misalignments still happen.
The mobile based uses a map to navigate and identify
places of interest, such as the area where the docking
station is placed [19]. The proposed docking station consists
of one IR emitter to enhance the approaching of the mobile
robot. The map provides a general idea of where the
docking station is located; however, odometry errors might
affect the estimation of the position of docking station. The
IR light will guide the robot to display a homing behavior to
dock in the station. The robot has three IR receivers located
at the back, where the connector for docking is located in
the robot. With one IR receiver in the center and one placed
in each side, it is possible to correct the robot position as it
approaches the station.
The docking mechanism is crucial to avoid problems with
the attachment of the connectors to recharge the batteries.Fig. 6 The docking mechanism allows compliance alignm
Fig. 5 It shows the custom charger for the mobile system
compare with a generic charger.This paper proposes a docking mechanism with compliance
support for the docking. The docking system consists of one
degree-of-freedom for the connector that allows the con-
nector to move freely 301 to the left or right to minimize
the robot's misalignment when docking. The shape of the
docking station is concave in the side where the robot
docks, this shape helps to guide the robot towards the
connector (Figure 6).
The docking station provides DC power that it is used to
power the charger. The power from the station is only
supplied when the docking has been completed and a switch
in the connector is enabled. This also triggers a stop signal
for the motors in the mobile base. Once docked the robot is
equipped with a relay circuit to ensure that the charger
system is ready before it starts charging the batteries.
Ensuring that the charger system is ready is crucial since it
allows charging batteries while the robot is still power on.
To evaluate the proposed docking mechanism, a docking
experiment was conducted 25 times. In this experiment the
robot was placed two meters away from the docking station
within half a meter from the center to either side. The
robot aligns as it approached the docking station; however,
the robot did not reached properly aligned in every experi-
ment. Despite the misalignment of the robot, the connector
of the docking station helped to overcome this situation.
Figure 7 shows the mobile base approaching the docking
station, it is possible to observe that the shape of the
docking station helped to guide the mobile base until
it docks.
Figure 8 shows the docking success rate, each experiment
was performed 25 times. From the results presented, 23
times the mobile base was able to successfully dock to the
station. Two times of those 25 performances the robot did
not manage to dock to the station, in both cases the robot
turn completely to one side making the docking impossible.
As discussed in the previous section of the docking
station, the connector of the docking station is able to
move around 301 to reduce the problem of misalignment.
However, if the robot is misaligned more than this thresh-
old, the docking will fail. In the experiments conducted two
alignments were more than this threshold and thus the
failure of both trials.5. Control and navigation
The navigation from one station to another station is not a
trivial problem; the automated mobile platform should
move with a speed that ensures the safety of the transport-
ing items. Nevertheless, the speed should also be enough to
ensure that it does not represent a treat to the humanent of the robot when the approaching for docking.
Fig. 8 The success rate for the docking experiment of the
mobile base. The experiment was performed 25 times.
Fig. 7 A sequence of six pictures of a trial of the robot approaching the docking station, in this pictures it is possible to see the
connector and how they couple for docking.
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time scheduled delivery and collection. On top of these
constrains the automated mobile platform is able to handle
unforeseen scenarios like avoiding obstacles in the corri-
dors, or selecting alternative paths to reach the stations
when a corridor is blocked.
Regarding the speed of the motion of the mobile plat-
form, we considered the following; experience staff moves
these trolleys around the healthcare facility adjusting their
speed to ensure that content of the trolley is safe. In
addition, staffs adjust the trolley's speed when approaching
a conglomerated corridor to ease their navigation around.
With these principles in mind it is possible to emulate the
motion of a trolley when it is pushing around by the staff.
Therefore, the pushing speed is then used as baseline for
the autonomous mobile platform speed (Figure 9).
To detect and avoid obstacles we have equipped the
mobile base with a scanning laser range ﬁnder placed at the
front of the mobile base, covering 1801. The data collected
from the laser range ﬁnder combined with odometry data of
the mobile base are used to generate a map of the
healthcare amenities where the mobile base is operating.
In addition, the laser range ﬁnder data helps the system to
understand the surroundings and to try to match that with a
location in map to maintain track of the mobile base as it
navigates.
Successful navigation relies on the map of the location. A
map can be created by the user pushing the mobile base
along the corridors of the hospital. This map can be updatedas the mobile base is moving around. Figure 10 presents a
map of our laboratory RoboGarage, places of interest can be
marked to indicate future locations for delivery or collec-
tion of items. The system is able to cope with new
information not presented in the map. If there are more
than one mobile platform at the hospital; they have the
ability to share the map, and so there is not be the need to
push the new mobile platform around the hospital. The map
is stored in the internal memory of the system, thus as a ﬁle
it is possible to transfer online and ofﬂine.
The user interface provides only the interface for the
functionality of the system. Each functionality calls a library
function that can receive arguments. By creating the
libraries the system now is ﬂexible for easy integration with
another system.
There are two modes of transportation for the lab
samples: transporting samples from one station to another
covering multiple stations in a deﬁned route; and transpor-
tation of samples upon request. Deploying an autonomous
mobile platform capable of performing tasks requested by
users in a ﬂoor building has several challenges to address: Localizing and navigating autonomously and safely.
 Providing an intuitive interface for users to schedule
tasks for the robot.
 Scheduling conﬂict-free task plans for the robot.Hospital staff can request tasks on an online web server
which are then processed by a scheduler, which determines
their execution time. The scheduler sends these tasks to the
task planner and executor that divides tasks into autono-
mous actions. Users can request a new task, view a list of
their own scheduled tasks and completed tasks, cancel
scheduled tasks, and see the current position of the mobile
platform.
Fig. 10 Map of our laboratory at Singapore Polytechnic, this map was obtained while the mobile platform moved around this location.
It is possible to indicate places of interest, which can be used as destinations when the mobile base navigates autonomously.
Fig. 9 Pictures of the mobile platform during navigation in different scenarios for mapping.
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the scheduler requires the following inputs in order to
assure a conﬂict-free schedule for the robot: Request type. The type of task request.
 Location. This are options that are speciﬁc to the type of
request, which might include the pick-up and destination
locations for the request. Time Constraints. When the task should be executed.
The user can input a speciﬁc time, or a window of time
for this task to be executed.
Each request submitted by the user is sent to the scheduler,
which may either accept or reject it. Rejecting a request is
mainly due to the time constraints, although in some case it
may be a combination of the location and the time constraints.
If the scheduler rejects a request, it proposes alternative times
when the robot is available. The scheduler ﬁts all the accepted
requests into a schedule that is follow and monitor.
The scheduler must effectively produce a schedule of
tasks for the robot to execute, in order to achieve this, it is
necessary to estimate both how long each task will take and
how long it will take to the mobile platform to travel from
one location to the next. These two components of the task
duration can be obtained by Navigation time. The time that the robot spend moving
from one location to another. This is computed from thedistance planned from the map, the path obtained for
the locations and ﬁnally the robot velocity. Task speciﬁc time. The time that the actual task requires
once the robot has reached the destination, e.g. time to
unload or load the samples in the robot.
The expected task execution time is the sum of the
navigation time and the task speciﬁc time. Based on the
estimated execution and travel times, the scheduler ﬁts all
of the tasks into a schedule. The scheduler is given a list of
N requests that the robot must satisfy two conditions:1. a starting time that does not overlap with other requests and
2. to ensure that the request is fulﬁlled within the requested
time window.
6. Conclusions
This paper had presented our effort towards developing an
automated mobile base to help with logistic activities in
healthcare amenities. The initial design considerations for
the system, based on discussion with hospital staff were
presented in this paper. Furthermore, several low cost
prototypes with different motion system are developed to
study and optimize the maneuverability of the mobile base.
Training of the motion speed and mapping of the operating
111Development of a hospital mobile platform for logistics tasksenvironment are achieved through an enactment of the
original workﬂow process. The ability of map sharing
reduces the need for repeated training for each mobile
base. Initial development research work has shown promis-
ing results indicating viability of the project and potential
translation towards commercialization.
In this paper, a power management system has been
presented that allows a robotic mobile base to autono-
mously recharge its batteries. Management of battery
allows the robot to perform its task without the need of
user intervention to take care of the energy consumption of
the robot. The results presented here show the feasibility of
the proposed docking station for autonomous recharging. A
comparison of different batteries tested in this project is
also presented in the paper. The experiments described in
this paper are in progress and future work will focus to
improve the charging strategies with different types of
batteries, for the development of an optimized battery
management system.
Maturing of the technology developed in this automated
mobile base would bring about future assistive applications
that can be leveraged off to serve directly in various
sectors. This project targets the healthcare personnel as
there is immediate concern on the healthcare sector on
introducing semi-automated machine and devices to
increase the productivity. Potential applications based on
this automated mobile base for delivery and collection in
other sectors includes Automated ofﬁce mail delivery – for a process of delivery
mail from one department to another in an ofﬁce
environment, this mobile base could help to ease the
task of navigate from one department to another from
one desk to another to deliver documents or post mail.
Automated personal trolley – with an aging population,
there is a potential in developing personal trolley for the
elderly to help them in various aspect of life such as grocery
trolley, travel luggage.
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